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(54) -Bulicrt-proof window wftfi spacac^ obliquely posKloned laminated panes 

(57) A bullet-proof window pane construction for a safety vehicle is composed of three laminated window 
panes 5,7,9 which are spaced apart from one another forming two fluid or gas filled gaps. At least one 
laminated window pane 7 is positioned obliquely relative to the adjacent panes 5,9 having the effect as to 
deflect the path of a projectile 4 within the window. The laminated panes are formed from at least one 
bullet-proof pane 1 0 and at least one other pane bonded to the first by means of a film 1 1 . Also disclosed is a 
polycarbonate pane 12 used as the end pane on the inside of the window to prevent secondary splinters from 
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Bullet-prPOf window pane cons1;T-iif. t ion fn-r a safAl-y vehic:1«» 

The invention relates to a ^uilet-proof window' 
,-^paH¥"-construction for a safety vehicle having at least two 
impact-impeding laminated window panes which are spaced 
apart from one another and between which at least one fluid- 
filled gap is provided. 

A bullet-proof window pane construction of this 
type for a safety vehicle is disclosed in DE 42 36 233 Al. 
The bullet-proof window pane construction has a plurality of 
laminated window panes which are each composed of different 
panes and leave between them a gas-filled gap. Each 
laminated window pane is composed of at least two panes of 
a different type, in particular a bullet-proof glass pane 
and a polycarbonate pane which are bonded to one another in 
a flat manner with the aid of a film. All of the laminated 
window panes composed of a plurality of panes in the manner 
Of a block are aligned parallel to one another with the 
result that the gas-filled gaps remaining between the 
laminated window panes are of the same thickness over their 
entire height. A projectile striking the bullet-proof window 
pane construction is deflected into the gas-filled gaps and, 
as a result, the distance for the projectile to penetrate 
the bullet-proof window pane construction is considerably 
lengthened. The penetration force is thereby reduced to such 
an extent that the projectile generally becomes stuck in one 
of the laminated window panes. However, if the projectile 
strikes the outermost pane of the bullet-proof window pane 
construction exactly at right angles the projectile is not 
deflected. In this particular case, under some circumstances 
the projectile may pierce the entire bullet-proof window 
pane construction and penetrate into the interior of the 
vehicle. 

The present invention seeks to provide a bullet- 
proof window pane construction in which even in the 
particular case of a projectile striking at right angles the 
proDectile is prevented from penetrating into the interior 
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Of the vehicle • 

According to the present invention there is 
provided a bullet-proof window pane construction for a 
safety vehicle having at least two impact-impeding laminated 
window panes which are spaced apart from one another and 
between which at least one gas- or licpaid-f illed gap is 
provided, the laminated window panes each being formed by at 
least one bullet-proof glass pane and at least one further 
pane bonded to the at least one bullet-proof glass pane by 
means of a film, the further pane being in the form of a 
further bullet-proof glass or plastics pane, wherein one 
laminated window pane is positioned obliquely relative to an 
adjacent laminated window pane. 

The solution according to the invention causes the 
projectile to be deflected within the bullet-proof window 
pane construction, even if the projectile strikes exactly at 
right angles, since the projectile cannot strike the 
obliquely positioned laminated window pane at right angles. 
The oblique position of at least one laminated window pane 
relative to the adjacent laminated window pane causes 
different deflections of the projectile in each case, 
thereby resulting in an effective decrease in the projec- 
tile's energy. 

In a refinement of the invention, a polycarbonate 
pane is provided as the side of the bullet-proof window pane 
construction on the inside of the vehicle. The use of a 
polycarbonate pane as the end on the inside of the vehicle 
prevents secondary splinters from impacting. 

Further advantages and features of the invention 
emerge from the following description of a preferred 
exemplary embodiment of the invention which is illustrated 
by reference to the single drawing. 

In a sectional representation, the drawing shows 
an embodiment of a bullet-proof window pane construction 
according to the invention having three laminated window 
panes which are arranged at a distance from one another in 
each case forming a gap. 
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The illustrated bullet-proof window pane 
construction is used in a safety vehicle and serves to 
shield the interior 3 of the vehicle from the outside 
environment 2 in a bombardment- impeding manner. The bullet- 
proof window pane construction 1 is composed of three 
laminated window panes 5, 7, 9 which are arranged spaced 
apart one behind another in relation to a firing direction 
of a projectile 4 fired from outside the vehicle. All of 
the laminated window panes 5, 7, 9 are designed in the 
manner of a block made from a plurality of sheets. Spacing 
apart the respectively adjacent laminated window panes 5, 7 
and 7 , 9 from one another results in two gaps 6 , 8 between 
the laminated window panes 5, 7, 9, which gaps are filled 
with gas or with liquid. 

The outermost laminated window pane 5 is composed 
of two bullet-proof glass panes 10 which are in the form of 
sheets and are bonded to one another in a flat manner by 
means of a film 11. In the same manner, the middle laminated 
window pane 7 is likewise composed of two bullet-proof glass 
panes 10 bonded to one another by means of a film 11. in the 
case of the laminated window pane 9, a bullet-proof glass 
pane 10 is bonded by means of a film 11 to a plastics, 
preferably polycarbonate, pane 12 which is likewise of 
sheet-like design and forms the side of the bullet-proof 
window pane construction 1 which is directed towards the 
interior 3 of the vehicle. 

In the case of the bullet-proof window pane 
construction 1 according to this embodiment only the outer 
laminated window pane 5 and the inner laminated window pane 
9 are aligned parallel to one another. The middle laminated 
window pane 7, in contrast, is positioned obliquely relative 
to the two laminated window panes 5 and 9, as a result of 
which the two gaps 6 and 8 are of a different thickness over 
their height. The middle laminated window^ pane 7 is 
positioned obliquely by an angle B relative to the two 
laminated window panes 5 and 9. As a result of this 
inclination of the laminated window pane 7 relative to the 
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adjacent laminated window panes 5 and 9, the projectile 4 is 
also deflected within the bullet-proof window pane 
construction 1 even if it strikes the outer bullet-proof 
glass pane 10 of the outer laminated window pane 5 at an 
angle a^^ of 90*. Although the projectile 4 then exits from 
the rear bullet-proof glass pane 10 of the laminated window 
pane 5 without changing direction, it strikes the subsequent 
bullet-proof glass pane 10 of the middle laminated window 
pane 7 at an angle a2 which is different from and hence 
other than 90*. This angle differs from the angle a^^ by 
the extent that the laminated window pane 7 is positioned 
obliquely about the angle B. The projectile 4 is thereby 
deflected within the middle laminated window pane 7 and on 
entering the subsequent gas-filled gap 8 is further 
deflected in the same direction of rotation. In the solution 
according to the invention, even if the projectile 4 strikes 
the outer laminated window pane 5 absolutely at right 
angles, the projectile 4 is therefore prevented from 
piercing through the entire bullet-proof window pane 
construction 1 and hence from penetrating into the interior 
3 of the vehicle. 
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A bullet-proof window pane construction for a 
safety vehicle having at least two impact- impeding laminated 
window panes which are spaced apart from one another and 
between which at least one gas- or liquid-filled gap is 
provided, the laminated window panes each being formed by at 
least one bullet-proof glass pane and at least one further 
pane bonded to the at least one bullet-proof glass pane by 
means of a film, the further pane being in the form of a 
further bullet-proof glass or plastics pane, wherein one 
laminated window pane is positioned obliquely relative to an 
adjacent laminated window pane. 

2* A bullet-proof window pane construction according 

to Claim 1, wherein the said one laminated window pane is 
formed by at least two bullet-proof glass panes bonded to 
one another by means of at least one film. 

^- A bullet-proof window pane construction according 

to Claim 2, wherein a plastics pane is provided at the side 
of the bullet-proof window pane construction adapted to be 
on the inside of the vehicle. 

A bullet-proof window pane construction according 
to any one of claims 1 to 3 , wherein the plastics pane if 
formed of polycarbonate. 

^- A bullet-proof window pane construction according 

to any one of claims 1 to 4, comprising three laminated 
window panes spaced apart with a gap between adjacent 
laminated panes, the middle laminated pane being arranged 
obliquely with respect to the other two laminated panes. 

^- ^ bullet-proof window pane construction 

substantially as described herein with reference to, and as 
illustrated in, the accompanying drawing. 
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